Introduction
Interpersonal communication skills can be conceptualized as understanding the dynamics and applying the principles of receiving and sending verbal and nonverbal messages. 1 Across career and educational fields, interpersonal communication skills are considered fundamental to success. Effective communication has been associated empirically with higher quality academic accomplishments, better professional and personal relationships, and increased physical wellbeing.
2 Further, it has been identified as an important 21 st century skill and one of the primary attributes that employers desire in new hires, including the science, technology, engineering, and mathematics (STEM) fields. 3 In STEM careers and graduate programs, team research and interdisciplinary groups are increasingly common. Such groups require collaboration facilitated by strong interpersonal communication skills. In engineering specifically, teamwork and communication are two of the five principal skills necessary for success. 4 Aside from the employment sector, communication skills are critical to the success of graduate students in STEM fields. Such skills are particularly salient in the advisor-advisee relationship. In one study, a lack of advisor support and guidance was offered as a contributing motive for 86% of the women who chose to leave science. 5 Moreover, researchers have shown that women who completed their graduate program late were three times more likely to report having unsatisfactory advising experiences than women who received their degrees on time. 6 Late completers reported that their advisors thwarted their timely degree completion, while early degree completers expressed that advisors were instrumental to program advancement. 6 Feelings of being disregarded, disrespected, neglected, having lower professional self-efficacy, and a lack of knowledge about how to successfully progress through a degree program are commonly reported among graduate students who express discontent with their advisor relationship.
The paper presents a portion of results from a randomized controlled trial (RCT) in which the intervention was interaction with new resources on communication skills that extend an online resilience-training program, CareerWISE. The results presented here focus on study participants' ability to describe how they would apply interpersonal communication skills to scenarios pertinent to graduate students in science and engineering. The study measures are detailed, along with the rubrics created for evaluating responses. Reliability and validity information for the rubrics is also provided.
Methods

Intervention Description
CareerWISE (careerwise.asu.edu) was built by an interdisciplinary group of investigators at Arizona State University and is personalized to women in STEM fields. The curriculum is based on psychological theory and research, specifically social cognitive career theory (SCCT); 18 and coping resilience. 19, 20, 21, 22, 23 The results of focus groups 24 and individual interviews 25 as well as research on women's experiences in science and engineering fields were used to develop program content and to create examples relevant to women in STEM programs.
Due to the lack of instruction on interpersonal communication skills for students in science and engineering fields, CareerWISE was recently broadened to include a curriculum on interpersonal communication. Via written material and interactive video simulations, the communication curriculum aims to elucidate the different and complex elements that comprise a productive interpersonal interaction. The curriculum utilizes authentic examples from female graduate students in STEM in order to help students improve their skills and effectively relay their message in such a way as to promote their academic and professional success. The new curriculum includes written modules that are designed to help students obtain communication skills that are essential for managing difficult situations, such as, Planning Your Message, Active Listening, Expressing Yourself, and Receiving and Responding to Feedback. 38 This content also includes interactive video simulations that provide training in three critical interpersonal communication skills of active listening, 39 receiving and responding to feedback, 40 and self-expression. 41 Each simulation presents a scenario that research has shown to be problematic for women in science and engineering graduate programs, such as interacting with a critical and impatient advisor, dealing with conflicting commitments to a partner and research, and managing undermining and gender biased feedback. The interactive video simulations are designed to help users practice what they learned via a "build your own adventure" model that provides users with multiple opportunities to decide how to respond to a common interpersonal communication situation in a graduate school setting. Video scenarios are presented to the user, after which the user is given three options to choose from; one option is not likely to result in a successful outcome, another option is very likely to result in a successful outcome, and a third alternative is a neutral response. 42 Following the user's response selection, a narrator provides feedback and another video demonstrates how the chosen response influences the interpersonal exchange. 43 The sequence of the video, response choice, feedback and subsequent response selection continues until the correct responses are chosen. 42 The RCT from which results reported here were obtained was recently conducted to assess the efficacy of the new interpersonal communication portion of CareerWISE.
Instrumentation
Research has established that skills and tasks that require higher order thinking are best assessed using open-ended performance based instruments. 44, 45 Moreover, it is useful to give learners realistic scenarios to respond to when assessing learning objectives that are difficult to capture via traditional assessment formats 44, 46, 47 A requirement of such open ended instruments is that they include a valid scoring rubric that can be used to train scorers who will evaluate learner responses. The current study aimed to evaluate the effectiveness of CareerWISE in promoting effective interpersonal communication skills. Therefore, a scenario based, open-ended measure was selected. The rubric development process and the rubric's effectiveness will be discussed below.
The Assessment of Interpersonal Communication Skills (AICS) instrument consists of two questions. As part of the RCT, participants were asked to respond to two short open-ended Page 26.850.4
scenarios, each depicting a commonly faced interpersonal communication scenario for women graduate students. The first asked each participant to imagine that she had received critical feedback from her advisor, and the second asked the student to put herself in a situation in which she was confused by a comment made by her advisor about another student. These situations drew on the skills taught in two specific communication modules, namely, Receiving and Responding to Feedback and Active Listening for Question 1 and Question 2, respectively. The AICS measured participant ability to illustrate how they would apply interpersonal communication skills in each scenario. Responses were scored via the use of a rubric by trained raters. The prompts for the two items are shown in Table 1 . The context for the two scenarios used in the AICS was based on previous research by an interdisciplinary team of graduate students and faculty including members from the fields of counseling psychology, industrial engineering, and education technology. In constructing the scenarios, special efforts were made to ensure that the scenarios were relevant across multiple disciplines. 
Participant Recruitment and Demographics
The current study was comprised of 312 female doctoral students recruited from a nationwide sample of STEM doctoral programs. Specifically, women were recruited from disciplines with an underrepresentation of female STEM students. These fields included: chemical engineering, civil engineering, electrical engineering, materials science, mechanical engineering, computer science, physics, applied physics, math, applied math, chemistry, astronomy, and geological sciences. More than 50% of the participants in the sample were enrolled in engineering-specific disciplines. Participant ages ranged from 23 to 51, with a mean Page 26.850.5
age of 27.6 (SD = 3.28). Participants self-identified as Anglo American (60%), Asian American (26.4 %), African American (3.8%), Hispanic/Latino American (9.2%). Twenty-six percent of the sample identified as international students, and a similar percentage (24.2%) identified English as their second language.
Protocol
To evaluate the effectiveness of the new interpersonal communication focused content, a randomized controlled trial was conducted, as it provides the strongest evidence for evaluating the effectiveness of an intervention 49 An essential component of randomized controlled trials is that participants are randomly split between treatment and control groups. Control group(s) are not exposed to the intervention, while treatment group(s) are. Following treatment group exposure, differentiations between the treatment and control groups are explored in an effort to measure the effectiveness of the intervention. In the RCT reported here, participants were divided into two treatment groups, one that had access to the entire CareerWISE website, one that had access to all site content with the exception of the interactive video simulations, and a wait-list control group (WLC). The WLC group was given access to the entire online resource at a later time, which allowed those participants to also gain any associated positive impacts.
Outcome measures for the RCT included self-reported knowledge of and self-efficacy in interpersonal communication skills and ability to apply key interpersonal communication skills. Comparisons based on outcome measures were made both between the two treatment groups and between each of the treatment groups and the wait-list control group. Additionally, pre-post measurements were made on the WLC group. The results presented here are related only to the AICS measure described previously. The results of the larger RCT are detailed in a forthcoming publication. The protocol, recruiting, and participant demographics are the same that were used in the broader RCT.
In total, 312 participants completed the RCT protocol. Participants completed a demographic survey and were then randomly assigned to one of the two treatment groups or the WLC group. Of protocol completers, N = 103 were in treatment group 1 (access to the written modules but not to the simulations), N = 95 were in the treatment group 2 (access to entire interpersonal communication resource [written and simulations]), and N = 114 were in the WLC group. The treatment groups were each asked to spend at least three hours exploring the material to which they had unrestricted access to during a two-week time frame. The reason that the site exploration was unconstrained (versus forcing participants to explore certain modules or simulations) was to imitate how CareerWISE would be used in a non-experimental setting. The three hour requirement was based on an estimate that three hours was a reasonable amount of time to review the material. After completing the treatment, participants were given access to the online ACIS.
WLC group participants were initially given the ACIS approximately two weeks after they submitted the demographic survey. They were then given access to the online interpersonal communication curriculum and asked to spend at least three hours interacting with the site, in the same unconstrained manner that the treatment group used. After completing their exploration, each WLC group participant was again given access to the ACIS. After submission of the ACIS, Page 26.850.6 participation was considered complete. All participants received a $25 gift card to a prominent online retailer as compensation.
Scoring Rubric
Two scoring rubrics based on the interpersonal communication curriculum were developed to evaluate participant responses to the ACIS. The rubrics included separate coding schemes designed to measure participant ability to describe how they would apply interpersonal communication skills to Question 1 and to Question 2. For each question, participant responses were scored on a four-point scale with instructional text provided to assist raters. The coding scheme in Figure 1 is the first version of the coding scheme used to score responses to Question 1 of the ACIS.
A scoring team of doctoral students in counseling psychology participated in a rater training following initial development of the rubrics. The training was led by a counseling psychology faculty member who is an expert in interpersonal communication. The training was designed to optimize inter-rater reliability by increasing rater skill in implementing the coding schemes. Before the training session, each rater scored a set of responses, and during the session, the raters compared scores to each response. The raters each expressed their grounds for assigning the score, and the goal was to obtain consensus on the correct score for each response.
Refinements and improvements to the rubrics were incorporated based on the results of the training session. The final coding schemes used to score responses to Question 1 and Question 2 of the ACIS are shown in Figure 2 and Figure 3 , respectively. One of the following conditions is met:
Krishna provides a behavior instead of a thought (e.g. "I would ask for clarification" OR "I would say, we never discussed a deadline.") OR  Krishna does not answer the question. 
Assessment of Rubric Adequacy
The updated rubrics were used to score 75 randomly selected responses to Question 1 and 75 randomly selected responses to Question 2. Raters were blind as to what group the responses were from as well as to which responses for Question 1 and Question 2 came from the same participant.
Consensus-based inter-rater reliability measures the degree of agreement on how to assign scores according to the rubric. 50 Scores by multiple raters are considered equivalent if the inter-rater reliability is high enough for a large enough sample of the data. In such instances, only one scorer is required to rate remaining data (versus having multiple scorers look at 100% of the data). Krippendorff's α was used to calculate inter-rater reliability. The inter-rater reliability, α, was calculated separately for Question 1 and Question 2 using the KALPHA macro in SPSS. 52 A 95% confidence interval surrounding α for each of the questions on the ACIS was obtained. The original scoring team consisted of three doctoral students. Upon completion of scoring 75 random items from Question 1 and Question 2, the resulting confidence intervals around α for Question 1 were 95% CI [0.57, 0.77] and 95% CI [0.38, 0.58] for Question 2 for all three raters. When examining the rater dyad combinations, it was clear that two of the raters were in stronger agreement with each other than with the third rater; confidence intervals around α were 95% CI [0.79, 0.94] for Question 1 and 95% CI [0.45, 0.75] for Question 2 for raters 1 and 2. Due to the lack of consensus between the three raters and the presence of consensus between raters 1 and 2, the final scoring team only comprised of these two raters . Another scorer training session was conducted and raters 1 and 2 rescored another set of 75 random items. The resulting confidence intervals around α for Question 1 were 95% CI [0.95, 1.00] and 95% CI [0.73, 0.94] for Question 2. Krippendorff recommends an α of at least 0.80 for drawing more than tentative conclusions. 52 This value is included in the confidence interval surrounding the α values for both Question 1 and Question 2. Based on the outcome of the inter-rater reliability and the validity evaluations by the domain expert during training, the rubrics were deemed suitable for measuring the knowledge of and scenario-based application of interpersonal problem solving skills. The remainder of the responses on the ACIS to be scored were randomly divided amongst the trained scorers. The average score was calculated across all original raters for data that had previously been scored for the training session. Responses to Question 1 and Question 2 were analyzed separately.
Results
A one-way ANOVA comparing the treatment groups to the wait-list control group was performed for each of the two responses (Question 1 and Question 2). Follow-up comparisons identified differences between each of the three groups for each scenario. ANOVA results for significance and effect sizes (η² ) are given in Table 2 along with summary statistics for each analysis. The statistical significance of both ANOVA analyses and associated effect sizes provide evidence that treatment group membership had a statistically significant impact on the Asterisks indicate statistical significance p < .05. T1Writ = treatment group 1 (access to written modules only); T2 = treatment group 2 (access to written modules and simulations); T3 = Wait-list control treatment group (access to written modules and simulations).
Follow-up pairwise comparisons (see Table 3 ) revealed that, for the first scenario, members of the treatment group that had access to the online resource including both the interactive simulations and written content were better able to describe how they would apply interpersonal communication skills to a relevant scenario than members of the wait list control group (M group difference = .544), p = 0.00. Similarly, members of the treatment group that had access to written content only (e.g., no access to interactive simulations) also scored significantly Page 26.850.12 better than members of the wait-list control group (M group difference = .298), p = 0.013. Finally, for both the first and second scenarios, members of the treatment group that had access to only written content scored statistically better on the measure (M group difference = -.246), p = 0.049 for scenario 1 and (M group difference = -.413), p = 0.001 for scenario 2 than members of the treatment group that had access to both the written content and the interactive simulations.
Discussion
This paper provides evidence to support that the CareerWISE online learning environment can positively impact the ability to apply the interpersonal communication skills that are fundamental to navigating academic programs among women doctoral students in science and engineering. Interpersonal communication skills are critical to the relationship between a student and an advisor, to the functioning of research teams, and to obtaining employment, and they are linked to persistence amongst graduate students. 3, 4, 8, 9, 10, 11 However, these important skills are rarely taught in graduate programs in the sciences and engineering. An online, individualized resource focusing on communication should be beneficial for graduate students preparing for occasions when they experience complicated or everyday interpersonal scenarios.
A subset of results from a randomized controlled trial were presented that illustrate the assessment of interpersonal communication skills. The rubric used to score participant responses in the study was shown to have satisfactory inter-rater reliability and validity. The 95% confidence interval around the inter-rater reliability for Question 1 of the scoring rubric was Comparisons between treatment and WLC participants revealed that participants in both the written-only and the written plus simulation treatment groups were shown to have a statistically superior ability to describe how they would apply interpersonal communication skills (p <0.01). Further support for the results was provided via the positive effect sizes (Cohen's d, .51 and .35 for Questions 1 and 2 respectively) associated with the analysis comparing the two treatment and the wait-list control groups. Other studies assessing the application of skills report similar medium effect sizes. 55 More specifically, Katz et al. (2008) 56 reported a 0.42 effect size (using Cohen's d) when comparing the scores between first year and second year undergraduate students using a scenario-based assessment. Furthermore, in a previous study by Bekki and colleagues (2014) assessing the ability of participants to apply problem-solving skills via openended questions, we obtained comparable medium effect sizes (Cohen's d, 0.508 and 0.583) 60 .
Subsequent pairwise comparisons revealed that members of the treatment group that had access to written content only (e.g., no access to interactive simulations) also scored significantly better than members of the wait-list control group (p = 0.013). These results provide further support for the effectiveness of the CareerWISE online learning environment in improving interpersonal communication skills as assessed here.
A more surprising result is that, for both the first and second scenarios, members of the treatment group that had access to only written content scored statistically better on the measure Page 26.850.13
(p = 0.049 for scenario 1 and p = 0.001 for scenario 2) than members of the treatment group that had access to both the interactive simulations and the written content. While we cannot be sure of the reason for these results, we suggest that the interactive video simulations may have had interpersonal communication cues that were more complex to interpret than the written materials. Participants were only required to spend three hours exploring the CareerWISE website content. Participants who only had time to interact with the simulations in the time allotted would have missed the benefit of the written lessons that are designed to augment the interactive simulations. It may be that more time spent exploring the entire website is necessary to provide enough variance to detect differences between the treatment groups.
Limitations and Future Work
No study is without limitations, including this one. We acknowledge that the assessments used in this study do not evaluate whether the communication skills taught by the online resource are transferable to real life settings. The results were based on participant responses to only two scenarios on one occasion of assessment, which took place immediately following interaction with the intervention. A follow up post-test would provide a more comprehensive evaluation of whether participants maintained the skills. Furthermore, the examples included in CareerWISE are designed to appeal to female doctoral students in science and engineering fields. Further research would be necessary to determine whether other members of the population (e.g., male doctoral students in science and engineering) benefit from the content and find it relevant to their own doctoral experiences.
In the future, alternative assessments will be used to determine the intervention's effectiveness. For example, in addition to observations of interpersonal interactions, follow up studies would ask participants to provide a self-reported indication of the transferability of skills learned from interaction with the CareerWISE program to their actual academic environment. Additionally, further analyses will reveal the trajectories of participants through the CareerWISE online learning environment (e.g., in what order participants visited various pages within the online program, and for how long they were on each page) and examine how such patterns are related to learning. Future analyses will aim to present a clearer understanding of how participants learned the interpersonal communication skills vs. the current study's examination of whether they learned them. 
